NASA TECHNICAL TRANSLATION NASA TT F-@&t§5l21

RECENT DEVELOPMENTS IN CHROMATOGRAPHIC EXTRACTION
BY MEANS OF SYNTHETIC POLYMERS AND THEIR APPLICATION
TO INORGANIC ANALYSIS

C. Pointrenaud

Translation of "Développements récents de l'extraction
chromatographique au moyen des polyméres synthétiques,"

Chimile Analytique, Vol. 52, No. 1, Jan. 1970, pp. 39-47

~13049
(NASA—TT-F—16121] RECERT DEVELOPHENTS IN ¥75=1 )
1cC EXTRACTION BY MEANS OF _
APPLICATIOCN _
Unclas

5 aND THEIR
anner {Leo}

CHROWATOGRAPH
CSCL 07B

SYNTHETIC PQLYMER
ANALYSIS (K

70 INORGANIC _
\Associates) 21 p HC $3.25

63725 05022

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546 DECEMBER 1974



STAMDARD TITLE PAGE

1. Report Ne. 2. Government Ace euilnn No. 3. Racipient's Cataleg Me.
NASA TT F-16,121 ) prent s mereee e
4. Title and Subtitle RECENT DEVELOPMENTS IN l 5. Report Date

CHROMATOGRAPHIC EXTRACTION BY MEANS oF |December 1974

SYNTHETIC POLYMERS AND THEIR APPLICATIOQN| S FPeferming Orgonization Coda

J'I'Ir"\ TT\T{‘\D(‘ f\'hTTn"" _ﬂ]\TnT VQTQ

7 AU“IC"[S) C. Pointrenaud, Nat ional B. Parferming Organization Report Ne,
Institute of Nuclear Science and
Technology, Saclay, France 10. Work Unit No.

11. Contract or Grant No

9. Performing Organization Mame and Address -
Leo Kanner Asspciates, P.O. Box 5187, NASW-2481

Redwood City, Californla 34063

13. Typa of Report and Period Covared

Tr ion
12. Sponsering Agency Name and Address anslat

NATIONAL AERONAUTICS AND SPACE ADMINIS-
TRATION, WASHENGTON, D.C. 20546

14, Sponasring Ageney Codo

15. Supplementary Motes

Translation of "Dévelcoppements récents de 1'extraction
chromatographique au moyen des polymeres symnthétiques,"
Chimie Analytigque, Vol. 52, No. 1, &an. 1970, pp. 39-47.

‘16, Abstract

The application of chromatographlc methods to extraction by
solvents calls for the choice of carriers able Lo retain
firmly one of the two aqueous or dpganic phases. For this
purpose synthetic polymers may be used 'which have high
mechanical and chemical resistance and which may be obbained
in a porous state. An agqueous phase may be guite firmly
retained by an lon exchange resin possessing water absorbent
groups. As against this, organic solvents may be fixed on
inert polymers such as tetrafluoropolyethylene. The equilibri
involved may differ greatly depending on the nature of the
extracted species. Varicus possible cases are described
and 1llustrated by examples.

17. Key Words {Selected by Author{s)} _ 18, Distribytion Stotement

Unclassified -~ Unlimited

19. Security Classif. (of this report) 20, Security Classif. {of this page) 2L No. of Pagas | 22, Prics

Unclassified Uneclassified 19

MASA-HQ

a



RECENT DEVELOPMENTS IN CHROMATOGRAPHIC EXTRACTION
BY MEANS OF SYNTHETIC POLYMERS AND THEIR APPLICATION
- TO INBRGANIC ANALYSIS

C. Polntrenaud

National Institute of Nuclear Science and Technology,
Saclay, France

Introduction ©/39%

Although modern methods of measurement are frequently
extremely sensitive, they are not selective enough to make it
pcssible to measure any element in a mixture directly. Frequently
the element must be separated from several other obstructive
elements sSo fhat measurement can.be performed. ...

One of the most important methods of separation is extraction
by solvents, which imvcolves the partition of compounds into two
immiselble liquid phases. The constant of partition of a compound
into two solvents is appreciably equal to the ratic of the solu-
bilities of this compound in each of the two solvents. Thus
the two compounds may be separated by varying the ‘differefices: .
in solubility between them.

However, the possibillities offered by extraction methods are
considerably increased by the fact that it is possible to vary
the apparent solubility of a compound. For example, a substance /40
may be kept In agueous phase by making it participate in chemical
reactions 1n this phase (acld-base or oxidation-reduction reactions
or the formation of complexes). On the other hand, it is possible
to encourage the extraction of a compound by increasdéng its
solubility in the organic phase by the addition of a complexing
agent. |

By manlpulating all the factors -avallable - (choice of pH and

#Numbers in the margin indicate pagination in the foreign text.



reactanfs in aqueous solutlon, cholce of complexing agent’ in
organic solution); it 1s freQuéntly'poésible to determine condi-
tions in which a few successive extractions are all that is
necessary for quantitative separation of two glven compounds.

In some cases, however, especlally in attempts to separate
elements with similar chemical propértiés, separation may require
a large number of successive extractions or the use of a continuous
extraction device in &hich there is - countercurrent flow of the
two agueous and organic phases. No mahtéfrthatsolution is
chosen, separation can be performed only by means of a cumbersome
setup which is difficult to use 1n the laboratory.

It is for thls regson that a number of investigators have
attempted to apply chromatographic techniques to extracidon.
With the use 6f simple equipment, chromatography makes it possible
to obhtain a large number of equilibria between two bhases in a
column.

The first attempts followed the discovery of partition
chromatography by Martin and Synge 1n 1941. The first separations
performed primarily danvolved organic mixtures. The carriers used
were silica gel, porous diatomites, starch, cellulose, rubber, ete.
Many precautions were necessary in preparing columns from these
substances so that adsorption phenomena would not be added to the
partition phenomenon, since adsorption results in spreading of
the elution peaks and decreases the efficiency of the columns.

Development of the application of partitlon chromatography
to inorganic analysls using the same carriers has been quite
limited. The most important current problem in this area is the
separation of mineral ion species with a low solubility in organlc
solvents; thls is frequently solved by means of ion exchangers.



Still more. recently, two findings havé'indicated the
possiblility of significant applications of partition chromatography
to lnorganic analysis. Farst, there was the production of porous
or finely divided synthetic polymers such as polystyrene, poly-
ethylene, fluoric derivativés of polyéthylené,'and polyvinyl-
chloracetate, with high mechanlcal: strength and; chemical resistance. . Second,
there was the extension of extraction by solvent, due primarily -
to: determination of the extractive properties .of a numbér of
organic substances such as B-~diketones, alkylphosphoric acids,
and long-chain amines.

These new methods of separation usually appeared as applica-
tions of chromatographic techniques tending to improve and
facilitate already known separations which could be performed
by extraction, and it is for this reason that they may be con-
sidered under the term "chromatographie extraction."

From a technical standpoint, the problem is f£o fing a
finely divided carrier which firmly retains one of the two phases,
aqueous or organic. The following discusslon will make use of
examples to present various ways of solving this problem by means
of synthetic polymers.

Chromatégraphlc Extraction

Agueous Phase as Stationary Phase

One especlally attractive way of immobilizing an aqueous
phase is to use an lon exihange resin as a carrier. Resins are
extremely water—absorbent and fix the aqueous phase very firmly,
thus hmaking 1t equivalent to a highly concentrated lonic solution;
the electrolyte cannot be removed by mere washing since it is
integral to the matrix of the resin. In additlon, ion exthange
resins, which are plastics‘with high strength snd mechanical resis-
tancey. » eccur.. in the finely divided state.



When the water-saturated resin is brought into contact with
an organic 301vent which is not miscible with water, 1t may be
assumed that three phases are present: the resin grain, the
organic solvent and, between the two, a film of water caused by
the solvation of the functional groups présént'at‘the surface of
the resin grain, among other factors.

Thig film of water may result in somé disadvantages: specific-
ally, it may provoke agglomeration of the gralns into nodules
(the grains being Jjoined to each other by the water film). These
nodules may be diminished by drying the resin slightly before 1t
is brought into contact with the solvent, thus obtaining a uniform
suspension of the grains in the organic phase.

Two types of eguilibria between the varlous phases present
may occur:
-- equilibria of partition between the organic phase and
the aqueocus film;
-- 2quilibria of ion exthange andpartition of molecules
between the aqueous film and the resin,

Two situations may arise, depending on the nature of the
speclies to be extracted in the organic phase.

Extraction of Ion Association or Simple Covalence Compounds. /4
Anion Exchange Resin

For example, lekttus consider the case of yttrium nitrate,
which may be extracted in toluene by means of an organic complexing
agent: tributylphbspate or TBP. The form of the compound extracted
in toluene is Y(NO3)3, TBF.

Extraction takes place in a nitrate medium. This case,
therefore, calls for the use of an anion exchange resin in ionie

nitrate form. Equilibria of the following type may .occur between



the organic aolution and the water-saturated resin:

) Y(NO‘.,)” TBPona +PNO:.—11
: : o= YNOY e+ TBPUnG

e B R

if one assumes that yttrium can cccur in the resin only in the

form of neutral nitrate (p = Q) or anionic complexes (p > 0).

The overall partition coefficient of yﬁtrium, that is, the ratio

of the total concéntrations Yp and YORG of yttrium in each phase, is:

[

Yr IK P[NO:;_R] l

= Yone [TBPO nG]

" When the yttrium concentration in the resin is far from the saturation point,
; - . - S )

[NOER] is a constant; this 1s the exchange capacity of the resin,

and P baslcally depends on the TBP concentration in the organic
phase.

The partition of yttrium between a Dowex I [NO ] resin and
an 80% solution of EBP in toluene has been studied experimentally
by Small [1] (Fig. 1). It may be seen that the partition coef-
ficient of yttrium 1s low under these conditions. In addition,
these experiments have shown the kinetics of the exchanger to be
fairly slow, and as a result, the results afforded by chromatography
are disappointing . here. = . The slowness of the equilibria
results in a spread of the élution peaks, as for example in the
case of elution of a mixture of thorium nitrates and rare earths
[1] (Filg. 2). The thorium is eluted by a solution of 50% TBP
in xylene, and the rare earths are subsequently eluted more rapidly
by increasing the TBP concentration of the eluant; as Fig. 2
shows, separation is not complete. An attempt was also made to
separate rare earths, but i& was pOSSlble only to separate the
light rawe earths from the heavy rame earths [1]. . Very little
work has been done on this subject so far. ‘
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Fig, 1. Partition of yttrium
between a Dowex-1-X4 resin
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Pig. 2. Separation of thorium
nitrates and rare earths by means
of a column of Dowex-1-X4 (
(NO3)(H 0) and solutions of tri-
butylphosphate in xylene [11.

Key: a. Quantity of effluent .
in ml

It may be possible to
Improve the exchange
kinetics by manipulating
factors such és the
temperature and granulometry
of the resin. This might
allow the possibility of
other separations, such as
that of halogenide or thio-
cyanate comﬁlexes, which

- may be fixed by anion

exthange resins and
extracted by solvents such

as hexone.

Extraction of Chelaftes.
Cation Exchange Resin

Generally, a chelat-
ing agent is an organic
compound with a mobile-
hydrogen which can be
replaced by a metal to
yleld a highly stable
cyelic compléx which is
sothuble in solvents with
low polarity.

The partition
equilibrium is thus an
exchange equilibrium of
two cations: the metallic

cation and thebppmbon. The aqueous phase should be able to

furnish the protons, and thus a cation eXxchange resin in acid

form will be used as a carrier for the aquecus phase 1n this case.



There are two possible situations, depending on whether
the chepabing: agent has very low basic properties (the case with
acetylacetone, for example) or whether it has very marked basic /U2

properties and is able fto react with the prefons of the resin
(the case with oxine).

1) CheRasinme Agent with Low Basle Properties -

Let us consider the example of acetylacetone CHéuCO—CH2—CO—CH3,
which will be represented here as HA.

Acetylacetone may be partitioned bétWéen the organic phase
and the water-saturated acid resin, but it occurs in the resin
only in the molecular form HA. If the organic solution contailns
copper (IT)acetylacetonate, CuA,, the following equilibrium may
oceur:

T

; Cur\sm“ +aHE e C

i.

i Cufugpe + Hi 2 CuAf + HAons K,
=

The overall partition coefficient of copper is thus:

i
: [ n] [H
: P=Ret-K [HADBG] +K HAom,. ]

When the resin is far from being saturated with copper,
[H;] is close to the exchange capacilty qf the resin and the
partition coefficient basically depends on the concentration
of acetylacetone in the organlc phase.  Under these conditions,
the theoretical curve logp =_f(log(HAORG)] appears as shown in
Fig. 3. The'gradients -2, =1 and @ indicate the presence in

the resin of the species: Cu2+, CuA+ or CuAg.



LogP Curves of this sort

have been determined
eiperimentally [2] (Fig. W)
in the case of copper (IT)
and iron (FTT) with the
highly acidic resin

Dowex 50X2.. The solvent
used was benzene. The

¥ gradlent -2 obtained for
Log [HAm] copper (IT)indicates that

. ] Cu2+ predominates in the
Fig. 3. Theoretical curve of varia-

tions in partition coefficient of resin in the entire range
copper (II) acetylacetonate on a of acetylacetone concen-
water-saturated strong-acid resin

as a function of the corcentration tration examined. In the
oi acetylacetone in the organic case of iron (ITI) there is
phase.

a change from the gradient

of close to -3 to a gradient
of -2, followed by a gradient of close to -1 when the acetylacetone
concentration increases in the benzene phase. This indicates the
presence of Fe3+, FeA++ and FeA; in the resin, depending on the

++
solution conditions, with FeA predomdnant, however.

The partition coefficients of acésylacetonates on a strong-
acid resin are always quite high, since the resin is equivalent
to a highly acidic aguecus phase, and the difficulty of extracting
chelates by means of organic solvents is known to increase with /43
the acidity of the aqueous phase. In an acid medium, the metallic
element shows a preference for the agueous phase, which 1s manifested

by a high partition coefficient in the present case.

Thus 1t may be predicted that Jjust as the EXtraction efficiency
dgpends on the pH of the aqueous phase, the partltlon coefficient
should depend on the aclidity of the functional group of the resin.
Figure 5 shows. the variations of the partition coefficient curve of
copper acetylacetonate on sulfonic, phosphonic and carboxylié resins.

8



. The partition ccefficient
.éctually.decreaées as the
acidity of the functional
group decreases. The copper
1s fixed on sulfonic and
phoSthnic resin in the form
of Cu2+ ions. 1In the

carboxylic resin one finds
both cu°t
rather the complexes, R20u
and RCuA, of these lons with
the carboxylate groups).

and CuA+ ions {or

Experiments show that
the equilibria between
cation exchange reslns and

acetylacetonétes are not

Log [HAora]
L e

{1 L n particularly slow. With a
T column one obtains theoretical
Fig. 4. Experimental curves of plate heights: of a few
variations in the partition coef- L

ficient of copper (II) acetyl- millimeters with strong-acid
acetonate and iron (III) resins and on the order of
acetylacetonate on Dowex-50-X2 . )

sulfonic resin as a functloncéf a centimeter with weak-acld
the conecentration of agetyl- resins. The kinetics may

acetone in benzene [2].
undoubtedly be improved by

working in temperatures
higher than the ordinary temperature. The following examples of
separation by chromatographic extractilon of chelates may be given:
-— the frontal aﬁalysis of rare earths performed on sulfonic
resin by‘Small, with diethylhexylphosphoric acid in
solution in toluene as a chelating agent [1] (Fig. 6);
- the separation of uranyl‘acétylacetbnatéHand copper (II)
acetylacefOnate.on carboxylic resin [2] (Fig. 7).



- 2)  Chelating Agent with 44
" Marked Basic Properties

R-SGH . Let .us consider the
case of 8-hydroxyquinoline
or oxine,which will be
répréSentéd by HOx.

Oxine may react with
the proton in an agueous
medium as follows:

' HOx § H* = HOx* pK—3 :J

Thus oxine can ccecur

in a strong-acid resin only

g

in the form H203+, the
coneentration of the HOx

Fig. 5. Experimental curves of

variations in the partition coef- molecule, with low water-
flcient of copper (II) acetyl- :
acetonate on Dowex-50~-X2 sulfonic
resin, phosphonic resin (BioRex63) Experiments show that oxine
and carboxylic resin (IRC50) as
a funcfion of the concenfration
of acetylacetone in benzene [2]. affinity for - sulfonlc acid

sclubility, being negligible.
has an extremely high

resins. An acid resin saturated

with water and placed in
contact with a benzene oxine solution fixes the oxine quanti-
tatively according to the following reaction:

: -. HOXORG + H_ﬁ = HQOXK ]

If aheesin of this sort, saturated with'H20x+ ions, 1s placed in
contact with an aluminum~0xinate'ﬂl@x3 solution, aluminum fixation
may be observed. The possible equilibria between the resin and the
the organic solution are:

10
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Fig. 6. Frontal analysis of a
mixture of rawme earths on Dowex-
50-X4 resin (H*)(H50) by means
of 0.67 M diethylhexylphosporic
acid solution in toluene [1].
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Fig. 7. Separation of copper (II)
acetylacetonate and uranium (VI)
acetylacetonate by means of a column
of IRC50 carboxylic resin (RH, Hp0)
and solutions of acetylacetone in
benzene [2].

. Key: a. Concentration in effluent
b. 1 M acetylacetone in CgHg
¢. Pure acetylacetone

d. Ruantity of effluent in ml

i
+

B I S

AlOx;on 4+ 3H,Oxh == AlY + 6 HOxone K
—

i AlOx,0n6 + 2 HOx}h = AlOxy + 4 HOxone K,

i
!

)
i

AlOx0ne + H,Ox}, = AlOx,} + 2HO=ore Ky
AlOxone <= AlOxr X,

ot gt g —— mim = e 1 gt

Thé cverall partition
coefficient of the aluminum
is:

- n=3

X
:“ P =Ko - ZK" [IFI%SJI:JE"
When the alumlnum con-
tent of the resin is far
from the saturation point,
[HZOX;] is edual to the
exXxchange capacilty and P
baslcally varies with the
oxine concentration 1n the
organic phase %o the 2nth
power (as opposed to the
nth power for acetyl-

acetone).

Variations of P with
the concentration of the
complexing agent are much
more rapid since the
complexing agent has basic
properties, while it does
not.

- Experiments ydeld a

curve logP =,f10g[HOxORGU

11



: . 4 . . .
with a gradient of -4, indicating that it is #10x" whieh is fixed
in the re&u}withﬁith@&ﬁnge.QJMied [2] (Fig. 8).

The exchange kinetics are vepy slow, however, since they
are limited by the diffusion of 1arge‘H20x+ ahd Ale++ lons in
the resin. So far, even the use'qfrextremely porous resins has

not permitted a sufficient improvement in the kinetics to allow

for operation in a column.

The Organic Phase as_the Stationary Phase

This is the case in which synthetic polymers are most

attractive, since, in contrast to ion exchange resins, they show

little affinity for water and retain organic solvents quite well.

{LogP

& p=

a
Pente -4 .

Log'hioxom]

i) 1
i -2 - T 1
L - .

Fig. 8. Partition of aluminum
oxinate between a Bowex-50-XY r
resin (HY, Hs50) and a solution of

oxine in benzene [2].

Key: a. Gradient: -}
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The most frequently
used polymers are:

-— polytetrafluorcethylene
(teflon) and polytri-
fluorochlorcethylene
{Kel-F) which are com-
pletely inertaand may!
be obtained in a porous
state;

-- polyethylene;

~- polystyrene (copolimar
of styrene and divinyl-
benzene);

-= polyvinylciohdoracetate.

Another very widely
used carrler should be
added to this 1list of
polymers: gellulose powder.



This 1s a polar compound which easily retains water but which
may also serve as a carrier for solid compounds such as amine
chlorhydrates or organie solvents.aftér treatment with water-
repellent products. Cellulose is not completely inert, however;
1t manifests troublesome adsorptive properties for some cations
and it is sensitive to concentrated acids.

The properties of these carriers are not the same with
regard to all solvents. For examplé,jpolar solvents are firmly
fixed on teflon and Kel-F, while apolar solvents aré most firmly
fixed on polystyrene. Of the solvents studied, eyclohexanol and
cyclohexanone appear to be the meost firmly fixed on porous teflon,
while benzene and chlorofommazare most firmly fized on polystyrene.

The equilibria occiirring between the pelymer and the agueous
solutlon are solely partition or exchange equilibria between the

‘two phases present. When the organic solvent (or the organic /45
reactant dissolved In the stationary phase) is partially miscible
with water, the mobile agueous phase must be saturated with organic
solvent (or reactant) before entering the column to preclude any
carryover of the stationary phase, which would decrease the

capacity of the column.

We will consider two more cases, depending on the nature of
the speciles extracted by means of the statlionary organic phase.

Extractlon of Ton Association or Simple Covailence Compounds

In thils case, the extraction equillbrium of a Mn+ cation
is gererally in the simple form:

[ e e e et

i g~ —
o Mag 0¥y = MXagpe ]
(1 . - . - e

cor. if . extrattion is encouraged.by an organiec reactant R:

© MU+ X, + Rore & MXaRore \

af

13



The partition coefficient of élement M thus depends on
the X~ ion concentration in the aqueous phase and possibly on
the concentration of the reactant R in thé stationary phase.
With a given column (that 1is, one Wwith a stationary phase of
given composition), selectivé'elution may be obtalned only by
varying the concentration of the X ion in the eluant agueous
phase. This may be illustrated by two examples.

In this case the stationary phase i1s a pure solvent. In
the presence of ammonium thiocyanate dn an aqueous solution, 7
zirconium occurs in the form Zr't, Zr(scN)d¥, Zr(SCN)g+, zr(sch)?,
...3 1t may be extracted by hexone in the form Zr(SCN)u. The
overall partition coefflcient of zirconium depends on the thio-
cyanate ion concentration. Experiments show this to bellow in
a b M NHMSCN medium. The partition coefficient of hafnium in
the same medium, however, 1s quite high. This fact enabled Fritsz
and Frazee [3]kto perform zirconium-hafnium separationbby means
of a porous teflon column saturated with methyl isobutyl ketone
(Fig. 9). Fixatlon of the mixture and elution of theszirconium
occurred in the presence of 4 M ammonium thiocyanate. The hafnium
remained fixed on the column and was eluted rapidly only when
there was no thiocecyanate in the eluant.

>

& Micramoles ; : 2) Extraction of Chlorides
NH,SCN 4Me(NH,), S0, o_mi (NH,), 50, -1.2M _ by Trilaurylamine in
g ' Solution in Cyclo-
hexanol

e b e T T Ty e L e i

[r{ 8o

HE | uranyl chloride between

F g .
ﬂ a .
! Volume detfiuent | an agaeomns hydrochloric

\ ) 80 126 7] 100 mi

- L. L e ] acid soiution and a

|
!
ol i ' - The partition of
' |
'
|

Fig. 9. Separation of zirconium and 0.8 M trilaurylamine
hafnium by means of a teflon c¢olumnio i -
saturated with hexone and an aqueous

solution of thiocecyanate and ammonium hexanol fixed on a
sulfate [3]. '

Key: a. Quantity of effluent in ml
14

solution in c¢yclo-

porous Kel-F carrier has



been studied by Petit-Bpomet [4].

Uranium may be extracted by.méans of an organic solution
in three forms: U02012m_U02Q12(R3NH01}4 and U02012(R3HH01)2,
whiﬁh'R3NHCl represents. trilaurylamine chlorhydrate. The
equilibria bebween the two phases are in the form:

I

L UOH A = vo c1,0m

zaq

UO:':‘.! —]— 2 Cl, a1 4R, NHClons
= [R,NHCI),UO,Cly s
UO’;;“ + 2 c1;q + RNHCH,UO,ClLg g
o : = z[R.,NHCl] Uo CIMG
LU O S U Y L
The latter complex occurs only at high uranium concentrations in

an agaeous solution. The partition coefficient depends on the

amine concentration in cyclchexanol; at the. amine concentration
used (0.8 M), it depends only on the hydrochloric acid concen-
tration in aqueous phase. By way of example, Fig. 10 shows the
variations 1n the partition coefficients of 1ron (III), copper
(IT), uranium (VI), cesium (I) and strontium (II} as a function
of HC1 concentration. These curves show that although the par-
tition coefficients are all fairly low, some separations may be
predicted. Thus 1t is possible to separate uranium from copper,
gpesium and strontium, but not from l1lron (Pilg. 11).

Extraction of Chelates

In this case the stationary phase is either a pure Iiquid
chelating compound or a solution of an HA chelating compound in
an organic solvent. The eguilibrium between the two aqueous
and organic phases 1s a true ion exbhange equilibrium. The
stationary phase is equivalent to a cation exchange resin in
acld form, with the sole difference that the HA functional groups

are not fixed on the carrier but are rather free in the stationary

organic solution. The metallic cations are repliced by H ions
in the aqueous phase and their partition coefficient thus depends
on the pH of the aguecus solution.

-

15
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For example, the
st ' : extraction of lanthanum
. : Fe M . , , ,

organophosphkate by pure

phosphoric diethylhexyl

-y VI acid (H DEHP) fixed on
porous Kel-F may be
wrltten:

~~Cu I ;Lail'i“-aq ‘Jr 3-(H DEI:IPS;)BGI
ok TSI U
\ - —i La (DEHP), org -+ 3 Htaq. ]
”—‘—_‘\\\sr 1 t e
o , _Cs1 HCM [
J-a R R A O Separation may be

Fig. 10. Variations in partition obtained by varying the
coefficients of Fe III, U VI, Cu II, pH of the eluant. Thus
Sr IT and Cs I between a 0.8 M solu- :

tion of trilaurylamine in cyclohexanol Cerrai and Testa [5]
fixed on porous Kel-F and aqueous were able to separate

hydrochlorie acid solutions [47. the rare earths by

. e graduated elution with
{ s . ' the use of a hydrochloric
uiv ; acld solution of con-
tinuously variable
concentration (Fig. 12).

Cu(d
x§

_ Fell Other Types of Extraction
T x8 in the Organic stationary
‘ a : Phase
Yohame dlfhan 7
, i L e ™M A great deal of

L HCL BN —sde— HCL 4N —of

work has been done on

Fig. 11. Elution of a mixture of CU (II), chromatographic extraction
Sr(IT), U(VT), arnd Fe(III)} chlorides by means

of a column of porous Kel-F saturated in the organic stationary
with a 0.8 M solution of trilaurylamine phase, and a number of

in c¢yclohexanol and agueous hydrochloric , .

acid solutions [47. : applicatipns,a31de from

the separations we have

: a. Quantity of effluent in ml o
Key Q Y noted to illustrate this
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princliple, have been

a S described in the literature
o over the last 10 vears.
- ﬂf\ Significant results have
i - Aj\ﬂp\ .ijU\/X /NJﬂﬁgﬁ .beén‘obtained, especially
g e B B aHAN by applying chromatographie

techniques to extraction
Fig. 12. Graduated elution of

rare earths by hydrochloric acid by tri-nwoctylamine,

on a column of porous Kel-F tributylophosphate. and
saturated with phosphoric diethyl- . ' . '
hexyl acld [5]°p P Y trloctylphosphlne oxide.

Detalled reports on these
Key: a. Activity

b. Drops applications have been

made by Markov [6], Cerrai
[71, Testa [8] and Goret. [9].

The success of this method has been due primarily to the
fact that the equilibria between the two phases are quickly
obtained; in some cases 1t was possible to reach theoretical
pPlate heights on the order of a millimeter. T

Coneclusion

In any attempt to apply chpomatography -to a method of
separation by extraction 1t may be seen that there is a choice
of two possibilitdes:

-- either the agueous phase is fixed by means of an;.ion

exchange resin;

-~ or the corganic phase is fixed by means of an inert

¢

porous pobhymer.

These two techniques have their respective advantages and
disadvantages.

must be placed in an organlc solution before they.can be fixed
on the column. This necessitates preliminary quantitative ex

17



extraction of the elements to be separated. In addition, there
is. a risk that the equilibria betwéen the organic phase and
the Water~satﬁrated'resin will be slow.. On the other hand, the
main advantages of this method are as follows:
-- the agueous stationary phase is,véry firmly fized to
the support;
—-- the capacity of the column is high: this is the exibhange
capacity of the ion exchangers;
-~ preparation of the column is simple from a technieal
standpoint.

If the organic phase is fixed, there is a risk that certaln

problems involving the support will arise: the organic phase is not
always ¥ery firmly fixed to the polymer;. preparation of the columms
is fairly problematic and the results of . :separation may heavily
depend on thls preparation; and the capacity of the column is
1/10 to 1/20 that of ion exchange resin columns.. However, the
malin advantages of chromatography with a fixed organic phase
are as follows:
~— one works with an aquecus solution and recovers an
agueous solution;
~-- there 1s a fast rate of exchange between the two phases
and the efficiency of the columns 1s satisfactory;
-- it 1is possible to work at relatively high temperatures,
glven the heat resistance of inert polymers, which is
superlior to that of ion exchangerresins.

It 1s therefore difficult to choose one method over another
a priori. Systematlc experimental analysis of the possibilities
offered by each method would be useful. At any rate, there can
be no doubt that.devélopment of these techniques will continue.
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